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Microtubules park parallel in the half-spindle
 
y the late 1970s, it was still unclear how microtubules
(MTs) operated in the mitotic spindle. Several pieces
of the microtubule puzzle had been worked out: micro-
tubules slid past each other to give cilia their movement (Satir,
1968); dynein cross-bridges linked MTs together (Gibbons,
1966); and MT polymers had polarity. That polarity was re-
flected by both the orientation of asymmetric subunits (Amos
and Klug, 1974) and the different rates at which the MT
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“plus” and “minus” ends added subunits
(Allen and Borisy, 1974).
In the mitotic spindle, MT orientation
remained a major question whose answer
would help determine what role the micro-
tubules played in lining up and separating
chromosomes. Several in vitro studies
revealed that MTs could be initiated
from both kinetochores and centrosomes
(Telzer et al., 1975; Gould and Borisy,
1977) and also that both kinetochore and centrosome MTs
polymerized with their plus ends distal to the organizing
center (Bergen et al., 1980).
Trying to put all of this together into a model of mitosis,
Richard McIntosh stuck to the law of parsimony. “If you could
use simple ideas to explain complex phenomena, then the
simplest idea would be right,” he says. And the simplest ex-
planation, given all of the above, was that the MTs in each
half of the spindle were antiparallel. Furthermore, cross-
bridges between opposing filaments would facilitate the sliding
mechanism that could move kinetochore MTs (and their at-
tached chromosomes) toward the spindle poles.
Counterclockwise “hooks” of polymerized neurotubulin reveal that 
kinetochore microtubules have uniform polarity.
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A major prediction of the model was that in late
anaphase, when chromatin moved to the poles, only minus
ends of the centrosome MTs should be left at the midplate. In
1980, the McIntosh lab stumbled upon a technique to directly
test MT polarity and thus the model. While testing a “very non-
physiological” cocktail of detergents and high molarity buffer
to visualize how isolated mammalian spindles incorporated
purified tubulin, the lab created “bushy-looking microtubules,”
McIntosh says. When he viewed these MTs
in cross section, he saw that the bushy look
was due to hooks of tubulin forming a pin-
wheel shape around each microtubule
(Heidemann and McIntosh, 1980).
When his group tested the tubulin
hooks on MTs of known polarity, they
found that the direction of the curve of the
hooks corresponded to MT polarity. With
this serendipitous tool in hand, the group
“went for the spindle midbody first to see if minus or plus
ends were there.” In the 1981 study, it turned out that in ana-
phase cells, 90–95% of the MTs in a half-spindle were ori-
ented with their plus ends toward the middle (Euteneuer and
McIntosh, 1981). Also, a look at just the kinetochore MTs
confirmed that those MTs were also oriented with the plus
ends distal to the spindle pole.
In the same issue, Bruce Telzer and Leah Haimo pub-
lished a study using dynein arms to form polarity-marking pin-
wheels on MTs in clam egg spindles (Telzer and Haimo,
1981). Their results also showed that the majority of MTs in a
meiotic half-spindle were oriented with their plus ends distal to
the poles. Together, the two studies sealed the idea that half-
spindles contained parallel MTs.
That set others searching for the next most logical puzzle
piece: did kinetochores “capture” centrosomal MTs or did they
assemble MTs “upside-down” by adding subunits to the minus
ends
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 Four years later, a group with a talent for in vitro MT
manipulation found good evidence that kinetochores did indeed
capture and stabilize the dynamically unstable MTs growing from
the asters (Mitchison and Kirschner, 1985), a process that was
later documented in vivo (Rieder and Alexander, 1990). 
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By defining 
microtubule polarity 
in the mitotic spindle, 
Richard McIntosh 
narrows down the 
possible mechanisms 
used during mitosis.
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Isolating SRP
 
ike a crate of beer ready to be
shipped overseas, secretory pro-
teins carry a label that says, “For
Export.” With clever experiments, Günter
Blobel of Rockefeller University and his
post-doc Bernhard Dobberstein (Blobel and
Dobberstein, 1975a,b) showed that the
cell’s export label is the signal sequence, a
short stretch of amino acids that guides the
forming protein to the ER (see “Lost in
translation: the signal hypothesis” 
 
JCB
 
 170:
338). But the group still didn’t know how
the emerging protein recognized the ER or
traversed the membrane, or what enzyme
clipped off the signal sequence. When Dob-
berstein started his own lab at the European
Molecular Biology Laboratory in Heidel-
berg, Germany, two teams began vying to
solve these questions, lobbing papers across
the Atlantic. “It was highly competitive, but
it was friendly,” Dobberstein recalls. Peter
Walter, who was then Blobel’s new gradu-
ate student and is now a cell biologist at the
University of California, San Francisco,
calls this period the best time in his life.
To flush out proteins responsible for
this process of “translocation,” Dobber-
stein and colleague Graham Warren
washed microsomes with potassium chlo-
ride. The solution swept away the micro-
somes’ ability to take in and process
proteins (Warren and Dobberstein, 1978),
but recombining microsomes with the
salty extract repaired the system.
These treatments removed from the
microsomes a cluster of six proteins
(Walter and Blobel, 1980). A series of
studies confirmed that this signal recogni-
tion protein, or SRP, was the “binding
factor” that, according to Blobel and
Sabatini’s hypothesis, escorts an elongat-
ing protein to the ER membrane. The first
of a trio of papers (Walter et al., 1981)
suggested that SRP recognizes the signal
sequence. The protein complex stuck to
ribosomes making the secretory protein
preprolactin, but not to ribosomes making
the nonsecreted globin. What’s more, SRP
curbed translation of preprolactin.
During synthesis of preprolactin,
translation halted after 
 
 
 
70 amino acids
had linked up (Walter and Blobel, 1981b).
Because 40 of these amino acids would
still be buried in the ribosome, SRP must
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be glomming onto the remaining 30—
this estimate matched the lab’s previous
measurements of the signal sequence’s
length. Walter and Blobel (1981a) also
showed that ribosomes couldn’t bind to
microsomes bathed in a salt solution.
Adding SRP allowed the ribosomes to
hook on and make the processed form of
preprolactin, establishing that the com-
plex was crucial for translocation and
completion of secretory proteins.
Then a fluke event revealed an over-
looked part of SRP. Walter was using a
spectrophotometer to check purified SRP
samples, and another person in the lab had
left the machine at 254 nanometers, the
absorbance peak for nucleic acids. To
Walter’s surprise, the SRP also absorbed
at that wavelength. The signal recognition
“protein,” he discovered, sported RNA—
and it needed a new name. The researchers
settled on “signal recognition particle,”
preserving the abbreviation. That was a
good choice, Walter says, because “I
didn’t have to remake all my slides.”
But SRP couldn’t do it alone. A mys-
tery protein, hints of which had been seen
in the Blobel and Dobberstein labs (Meyer
and Dobberstein, 1980a,b; Meyer et al.,
1982), turned out to be the SRP receptor
(Gilmore et al., 1982a,b). It juts from the
ER membrane and serves as a landing pad
for the SRP–ribosome conglomeration.
When Blobel’s grad student Emily
Evans purified the signal peptidase that
chops out the signal sequence (Evans et al.,
1986), only one big question remained: how
do proteins cross the membrane? Early on,
Blobel and Dobberstein (1975a) had hy-
pothesized that a protein channel spanning
the membrane opened to admit the strand
and then closed. “That got me into tremen-
dous problems,” Blobel says. Critics pro-
nounced such a channel unnecessary and
argued that the membrane was thermo-
dynamically competent to import the pro-
tein without it. However, yeast mutants that
couldn’t import proteins into the ER
(Deshaies and Schekman, 1987) cast doubt
on the membrane idea, and Blobel and his
postdoc Sanford Simon were able to mea-
sure the electrical conductance of individual
protein channels (Simon and Blobel, 1991).
Blobel points out that the discovery
Addition of SRP (bottom panel) allows 
microsome-based maturation of most 
preprolactin (pPL) to prolactin (PL).
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of the translocation system relied mainly
on standard cell biology techniques rather
than gene knockouts. Walter adds that
these “old-fashioned” procedures were
crucial, providing information that made
later genetic results intelligible. “I would
do it the same way again,” he says. 
 
ML
 
Blobel, G., and B. Dobberstein. 1975a. 
 
J. Cell Biol.
 
 67:835–851.
Blobel, G., and B. Dobberstein. 1975b. 
 
J. Cell Biol.
 
 67:852–862.
Deshaies, R.J., and R. Schekman. 1987. 
 
J. Cell Biol.
 
 105:633–645.
Evans, E., et al. 1986. 
 
Proc. Natl. Acad. 
Sci. USA.
 
 83:581–585.
Gilmore, R., et al. 1982a. 
 
J. Cell Biol.
 
 
95:463–469.
Gilmore, R., et al. 1982b. 
 
J. Cell Biol.
 
 
95:470–477.
Meyer, D.I., and B. Dobberstein. 1980a. 
 
J. Cell Biol.
 
 87:498–502.
Meyer, D.I., and B. Dobberstein. 1980b. 
 
J. Cell Biol.
 
 87:503–508.
Meyer, D.I., et al. 1982. 
 
Nature.
 
 
297:647–650.
Simon, S.M., and G. Blobel. 1991. 
 
Cell.
 
 
65:371–380.
Walter, P., and G. Blobel. 1980. 
 
Proc. Natl.
Acad. Sci. USA.
 
 77:7112–7116.
Walter, P., and G. Blobel. 1982. 
 
Nature.
 
299:691–698.
Walter, P., and G. Blobel. 1981a. 
 
J. Cell Biol.
 
 91:551–556.
Walter, P., and G. Blobel. 1981b. 
 
J. Cell Biol.
 
 91:557–561.
Walter, P., et al. 1981. 
 
J. Cell Biol.
 
 
91:545–550.
Warren, G., and B. Dobberstein. 1978. 
 
Nature
 
.:569–571.
 
Text by Kendall Powell and Mitch Leslie
kendallpowell@comcast.net  mitchleslie@comcast.net
 
1711fta  Page 13  Wednesday, September 28, 2005  2:25 AM